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Aim To evaluate the influence of food habits, specifically 
adherence to the Mediterranean diet, on carotid intima-
media thickness (CIMT) and the presence of plaques in 
HIV-infected patients taking antiretroviral therapy (ART) 
and non-HIV-infected participants and to determine if HIV 
infection contributes independently to subclinical athero-
sclerosis.
Methods We conducted a cross-sectional study of 110 
HIV-infected patients on ART and 131 non-HIV-infected 
participants at the University Hospital for Infectious Dis-
eases in Zagreb, Croatia, from 2009-2011. CIMT measure-
ment and determination of carotid plaque presence was 
detected by ultrasound. Adherence to the Mediterranean 
diet was assessed by a 14-point food-item questionnaire. 
Subclinical atherosclerosis was defined by CIMT≥0.9 mm 
or ≥1 carotid plaque.
Results In HIV-infected patients, subclinical atherosclero-
sis was associated with older age (P < 0.001; Mann-Whitney 
test), higher body mass index (P = 0.051; Mann-Whitney 
test), hypertension (P < 0.001; χ2 test), and a lower Medi-
terranean diet score (P = 0.035; Mann-Whitney test), and 
in non-HIV-infected participants with older age (P < 0.001; 
Mann-Whitney test) and hypertension (P = 0.006; χ2 test). 
Multivariate analysis showed that decreased adherence to 
the Mediterranean diet was associated with higher odds 
of subclinical atherosclerosis (odds ratio [OR] 2.28, 95% 
confidence interval [CI] 1.10-4.72, P = 0.027) as was cur-
rent smoking (OR 2.86, 95% CI 1.28-6.40), hypertension (OR 
3.04, 95% CI 1.41-6.57), and male sex (OR 2.35, 95% CI 0.97-
5.70). There was a significant interaction of age and HIV sta-
tus, suggesting that older HIV-infected patients had higher 
odds of subclinical atherosclerosis than controls (OR 3.28, 
95% CI 1.24-8.71, P = 0.017 at the age of 60 years).
Conclusion We confirmed the association between lower 
adherence to the Mediterranean diet and increased risk of 
subclinical atherosclerosis and found that treated HIV in-
fection was a risk factor for subclinical atherosclerosis in 
older individuals.
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The advent of antiretroviral therapy (ART) for treatment 
of human immunodeficiency virus (HIV) infection has im-
proved the quality of life and life expectancy of HIV-infect-
ed patients (1,2). However, a number of comorbidities have 
emerged, including atherosclerosis (3,4).
The impact of HIV infection and exposure to ART on de-
velopment of subclinical atherosclerosis is incompletely 
understood (1,5). Several factors may contribute to an in-
creased risk of coronary and cerebrovascular artery disease 
in HIV-infected patients: chronic endothelial or myocardial 
inflammation due to HIV infection per se, dyslipidemia as-
sociated with ART, and the interaction of treatment with 
traditional risk factors for cardiovascular disease (smoking, 
hypertension, age, etc) (1). Also, several antiretroviral drugs 
are believed to be partially related to an increase in cho-
lesterol levels (6). The risk and problems associated with 
ART have led to the study of treatment-sparing strategies, 
which might provide the benefits of ART while minimizing 
the risk of adverse advents and other risks (7). The Strat-
egies for Management of Antiretroviral Therapy (SMART) 
trial was conducted to compare the episodic use of ART 
according to the CD4+ count with the current practice of 
continuous ART (7).
An early marker of atherosclerosis is an increase in carotid 
intima-media thickness (CIMT), which enables the risk as-
sessment of coronary and cerebral-artery disease (8). Ca-
rotid plaque area is another marker, which is more strongly 
associated with traditional risk factors and is more predic-
tive of myocardial infarction than of stroke (9,10). There 
are many studies on the association of HIV infection, HIV 
disease parameters, and ART use with subclinical carotid 
artery atherosclerosis, yet there is still controversy over 
whether chronic HIV infection and ART (mainly protease 
inhibitors, PI) contributes to subclinical atherosclerosis. Al-
though there are cross-sectional studies reporting an asso-
ciation between HIV infection, ART, and subclinical athero-
sclerosis (11-16), a number of studies did not find such an 
association (1,17-19).
The Mediterranean diet (20) has been shown to protect 
against cardiovascular disease and other chronic condi-
tions (21-23). However, only a few studies have investigat-
ed the relationship of dietary intake with body fat changes 
and metabolic abnormalities in HIV-infected patients (24-
26). To the best of our knowledge, the association between 
the adherence to Mediterranean diet and CIMT and the 
presence of plaques in HIV-infected patients taking ART 
has never been explored.
The aims of the present study are to evaluate the influence 
of food habits, specifically adherence to the Mediterranean 
diet, on CIMT and the presence of plaques in HIV-infect-
ed patients taking ART and non-HIV-infected participants 




We conducted a cross-sectional study comparing CIMT 
and the presence of carotid plaques as surrogate markers 
of atherosclerosis in HIV-infected patients and non HIV-in-
fected participants.
Study population
We selected participants from a consecutive sample of HIV-
infected patients who had been on ART for ≥12 months at 
the University Hospital for Infectious Diseases (UHID) in Za-
greb, Croatia. Non HIV-infected participants were healthy 
volunteers who were UHID employees or individuals who 
came to the Department of Radiology and Ultrasound at 
UHID for routine preventive ultrasound check-ups. They 
were not tested for HIV before the study. Participants were 
consecutively recruited and enrolled over a 20-month peri-
od beginning in July 2009. Inclusion criteria for HIV-infected 
patients were age of over 18 years with documented HIV 
infection (enzyme immunoassay and Western-blot positive) 
and at least 12 months of ART, and for controls the age of 18 
years or older. Exclusion criteria were dementia, current acute 
illness, current use of drugs that modify lipid and glucose 
metabolism (insulin, metformin, glibenclamide, glimepiride, 
glyquidone, acarbose, rosiglitozone, pioglitazone, sitagliptin, 
vildagliptin, repaglinide, exenatide, liraglutide, simvastatin, 
fluvastatin, lovastatin, atrovastatin, rosuvastatin, gemfibro-
zil, fenofibrate, ezetimibe, omega-3 acids), as well as diuret-
ics and corticosteroids. We also excluded participants with 
a history of cardiovascular disease or stroke, documented 
hepatitis C infection, diabetes mellitus, and allergy or intoler-
ance to olive oil, fish, or nuts. All participants provided writ-
ten informed consent prior to enrolment. The study proto-
col was reviewed and approved by the Ethics Committee of 
UHID and the Committee on Human Research at the Uni-
versity of California, San Francisco.
Ultrasound measurements and definitions of outcomes
Participants were enrolled and underwent ultrasound 
measures at the same visit. Measurements of CIMT 
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and assessment of the plaque presence was performed by 
a single radiologist, who was blinded to the participants’ 
HIV status and Mediterranean diet score, using a linear ar-
ray probe (10 MHz and 42 mm) in the supine position. We 
examined the left and right common carotid arteries in an-
terolateral, posterolateral, and mediolateral directions and 
obtained longitudinal images of the distal common carot-
id arteries in which the interfaces were most clear. CIMT 
was measured in the far wall of the common carotid ar-
tery, 1 cm proximal to the carotid bulb in the region free 
of plaques with the optimum angle for measuring at the 
proximal and distal wall (27).
We defined plaque as a focal wall thickening 50% great-
er than the surrounding wall thickness, confirmed during 
scanning by electronic calipers (28). We examined the left 
and right carotid bifurcations and internal and common 
carotid arteries for the presence of plaque. Subclinical ath-
erosclerosis was defined as CIMT≥0.9 mm and/or the pres-
ence of ≥1 carotid plaque (10).
Nutritional and clinical assessment
Prior to the ultrasound, each participant was asked to fill 
out a 14-point food-item questionnaire to assess the ad-
herence to the traditional Mediterranean diet. The ques-
tionnaire was originally developed and validated by Babio 
et al (29,30) and was used to rapidly control for compliance 
with the dietary intervention of the Prevencion con Dieta 
Mediterranea (PREDIMED) study, a multicenter clinical trial 
aimed at assessing the effects of the traditional Mediterra-
nean diet on the primary prevention of cardiovascular dis-
ease (31). It was translated into Croatian, and completed 
during a face-to-face interview with the attending physi-
cian. From the questionnaire we derived the composite 
dietary score, dichotomized it at the median, and defined 
low adherence to the Mediterranean diet as a score of <4. 
We predefined the use of the median because of our rela-
tively small sample size.
We abstracted additional data for HIV-infected patients, in-
cluding medication history, from medical records using a 
standardized abstraction form. Patients were considered as 
having been treated with a particular drug or drug class if the 
drug combination had been administered for more than 12 
months. We measured the patients’ weight with a standard 
physician’s office balance scale and rounded the weight to 
the nearest 0.1 kg, and the height using a wall-mounted 
stadiometer and rounded the height to the nearest 0.1 
cm. Blood pressure measurements were obtained 
in a seated position (at the right upper arm), using a stan-
dard mercury sphygmomanometer, expressed in terms of 
the systolic pressure over diastolic pressure in millimeters of 
mercury (mmHg). Hypertension was defined according to 
the guidelines of the Seventh Report of the Joint National 
Committee on Prevention, Detection, Evaluation and Treat-
ment of High Blood Pressure, that is, systolic blood pressure 
≥140mmHg or diastolic blood pressure ≥90mmHg and/or 
concomitant use of antihypertensive medications (32).
We categorized the cigarette smoking status as current or 
non-current smoker. Previous cardiovascular diseases (as 
an exclusion criterion) included history of angina, myo-
cardial infarction, coronary artery disease, atrial fibrillation, 
congestive heart failure, and valvular heart disease (28). 
Stroke was defined by the National Institute of Neurologi-
cal Disorders and Stroke Classification of Cerebrovascular 
Diseases III (28).
We determined plasma HIV viral load using COBAS Amplicor 
HIV-1 Monitor Test, version 1.5 (Roche Diagnostic Systems, 
Basel, Switzerland) with a lower limit detection of 50 cop-
ies per milliliter (ultrasensitive method). Absolute CD4 T-cell 
counts (in cells/µL) were measured using Flow Count Fluo-
rospheres (Beckman Coulter, Fullerton, CA, USA) and four-
color flow cytometry was performed using Cytomics FC500 
flow cytometer (Beckman Coulter, Fullerton, CA, USA).
Statistical analysis
Categorical variables are presented as proportions and 
non-normally distributed continuous variables as medians 
and interquartile ranges (IQR). The normality of distribution 
was assessed graphically and by the Shapiro-Wilk test. To 
compare different characteristics of participants with and 
without subclinical atherosclerosis, we used the Whitney-
Mann test for continuous variables and Fisher exact test or 
χ2 test for categorical variables, separately for HIV-infected 
participants and non HIV-infected participants. The odds 
of having subclinical atherosclerosis were calculated in 
crude logistic regression models, which included one in-
dependent variable (body mass index [BMI], sex, smoking, 
hypertension, Mediterranean diet score, or HIV status) and 
age and their interaction for the whole study population 
(N = 241). In multivariate logistic regression model analy-
sis, we included all the above mentioned variables except 
BMI (non-significant in crude analysis) and the interaction 
of age with HIV status. Statistical analyses were performed 
with SAS software, version 9.1.3. (SAS Institute, Cary, NC, 
USA). The level of statistical significance was set at P < 0.05.
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ReSULtS
We enrolled 110 HIV-infected patients and 131 non-HIV-
infected participants. All the participants were Caucasian. 
HIV-infected patients were more frequently male, younger, 
had a lower BMI, and a higher Mediterranean diet score 
(Table 1).
More than 50% of the 110 HIV-infected patients were on 
non-nucleoside reverse transcriptase inhibitors-contain-
ing antiretroviral regimens (Table 2). Of 110 patients, 106 
(96.4%) had an undetectable viral load (<50 copies per 
milliliter). Of 4 patients with detectable viral load, one had 
discontinued antiretroviral treatment and three had low-
level viremia (<1000 copies/mL). HIV-infected participants 
taking PI and those taking other antiretroviral regimens 
showed no differences in ultrasound-measured CIMT 
medians, CIMT≥0.9 mm, and ≥1 carotid plaque presence 
(P = 0.819, P = 0.791, and P = 0.904, respectively).
Subclinical atherosclerosis was found in 79 (32.6%) of 
241 participants (Table 3): 37 (33.6%) of 110 HIV-infected 
patients and 42 (32.1%) of 131 non HIV-infected partici-
pants. The proportion of men and women in HIV-infected 
and non-HIV-infected group with subclinical atheroscle-
rosis was not different (P = 0.08 and P = 0.632, respective-
ly). In HIV-infected patients, subclinical atherosclerosis 
was associated with older age (P < 0.001, Mann-Whitney 
test), higher BMI (P = 0.051; Mann-Whitney test), and hy-
pertension (P < 0.001; χ2 test). In non HIV-infected par-
ticipants, subclinical atherosclerosis was associated with 
older age (P < 0.001; Mann-Whitney test) and hyperten-
sion (P = 0.006; χ2 test). Patients with subclinical athero-
sclerosis had lower median Mediterranean diet scores. In 
non HIV-infected participants, 24 of 42 (57%) with sub-
clinical atherosclerosis and 42 of 89 (47%) without sub-
clinical atherosclerosis had a Mediterranean diet score <4 
(P = 0.288; χ2 test). In HIV-infected participants, 17 of 37 
(46%) with subclinical atherosclerosis and 18 of 73 (25%) 
without subclinical atherosclerosis had a Mediterranean 
diet score <4 (P = 0.024; χ2 test). Among participants >45 
years old, more HIV-infected patients than non-HIV-in-
fected participants had subclinical atherosclerosis (56% 
vs 40%, P  = 0.042).
taBLe 1. Characteristics of hIV-infected (n = 110) and non-hIV-infected participants (n = 131) examined by ultrasound to detect 
subclinical atherosclerosis
hIV-infected 
patients (n = 110)
non hIV-infected 
patients (n = 131) P
Male sex (n, %)  93 (84.5)  91 (69.5)  0.006*
Age, years (median, range‡)  46.5 (40-56)  52 (45-61)  0.003†
Weight, kg (median, range)  78 (70-84)  85 (73-98) <0.001†
Body mass index, kg/m2˛ (median, range)  24.8 (22.5-26.4)  27.8 (24.5-30.8) <0.001†
Mediterranean diet score (median, range)   5 (3-7)   3 (2-5) <0.001†
Carotid intima-media thickness, right, in millimeters (median, range)   0.67 (0.53-0.82)   0.68 (0.61-0.82)  0.640†
Carotid intima-media thickness, left, in millimeters (median, range)   0.68 (0.61-0.83)   0.72 (0.58-0.83)  0.591†
Systolic blood pressure in mmHg (median, range) 130 (120-140) 130 (120-140)  0.436†
Participants with hypertension (n, %)  31 (28.1)  29 (22.1)  0.240*
Current smoker (n, %)  40 (36.4)  30 (22.9)  0.022*
Carotid intima-media thickness ≥0.9 mm (n, %)  31 (28.2)  25 (19.1)  0.095*
Presence of ≥1 carotid plaque (n, %)  26 (23.6)  31 (23.7)  0.996*
Presence of ultrasound-assessed subclinical atherosclerosis (n, %)  37 (33.6)  42 (32.1)  0.795*
*χ2 test.
†Mann-Whitney test.
taBLe 2. duration of antiretroviral therapy (aRt), currently 
used aRt, current plasma hIV-1 viral load, and Cd4 cell counts 
in hIV-infected patients (n = 110) at the time of ultrasound 
measurement of carotid intima-media thickness (CIMt) and 
the presence of plaque
duration of aRt in years (n, %)   5.1 (2.6-8.4)
duration of exposure to protease inhibitors 
(years) (n, %)
  3.8 (1.5-6.5)
aRt combination (n, %):
two nucleoside or nucleotide reverse transcriptase 
inhibitors plus one non-nucleoside reverse tran-
scriptase inhibitor
 73 (66.4)
two nucleoside or nucleotide reverse transcriptase 
inhibitors plus one protease inhibitor
 28 (25.5)
other, including entry inhibitor or integrase inhibitor   9 (8.1)
Current Cd4 cell count in cells/µL (median, range)467 (311-584)
hIV RNa≥50 copies/mL (n, %)   4 (3.6)
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When the whole study population was analyzed using one 
independent variable and age in the crude analysis mod-
el, subclinical atherosclerosis was associated with current 
smoking, male sex, and hypertension (Table 4). In multi-
variate analysis, subclinical atherosclerosis remained asso-
ciated with all risk factors including lower adherence to the 
Mediterranean diet (Mediterranean diet score <4) (odds ra-
tio 2.28; 95% confidence interval 1.10-4.72; P = 0.027) (Ta-
ble 4). There was a significant interaction of age and HIV 
status in both crude (P = 0.028) and multivariate analysis 
(P = 0.029), suggesting that the probability of having sub-
clinical atherosclerosis increased in HIV-infected patients 
after the age of 45 years more rapidly than in non-HIV-in-
fected individuals (Figure 1).
dISCUSSIoN
We found that subclinical atherosclerosis was common 
both among HIV-infected and non-HIV-infected partici-
pants and was associated with older age, male sex, current 
smoking, and hypertension. Lower Mediterranean diet 
scores were associated with higher odds of subclinical ath-
erosclerosis. Older HIV-infected patients treated with ART 
were more likely to have subclinical atherosclerosis than 
non HIV-infected individuals.
Croatians living near the Adriatic Sea have a relatively low-
er occurrence of chronic diseases such as cancer, diabetes, 
obesity, and cardiovascular diseases than Croatians living 
taBLe 3. Ultrasound-assessed subclinical atherosclerosis of hIV-infected (n = 110) and non-hIV-infected participants (n = 131) by 
demographic characteristics and adherence to Mediterranean diet scores
hIV-infected patients with 
subclinical atherosclerosis 
(n = 110)
Non hIV-infected participants 
with subclinical atherosclerosis
(n = 131)
Variable yes (n = 37) no (n = 73) P yes (n = 42) no (n = 89) P
Age in years (median, range)‡  58 (53-65)  42 (37-47) <0.001*  59.5 (52-65)  50 (42-56) <0.001*
Body mass index (median, range)  25.3 (24.3-26.4)  24 (22.1-26.4)  0.051*  28.1 (24.5-32.1)  27.7 (24.5-30.4)  0.407*
Systolic blood pressure in mmHg (median, range) 140 (120-150) 120 (115-130) <0.001* 140 (130-150) 125(120-135) <0.001*
Hypertension (n, %)  19 (51.4)  13 (17.9) <0.001†  15 (35.7)  13 (14.6)  0.006†
Mediterranean diet score (median, range)   4 (3-6)   6 (4-7)  0.035*   3 (3-5)   4 (2-5)  0.692*
*Mann-Whitney test.
†χ2 test.
taBLe 4. Crude and adjusted odds of subclinical atherosclerosis by patient characteristics and Mediterranean diet score in hIV-
infected (n = 110) and non-hIV-infected (n = 131) participants
Crude analysis* Multivariate analysis†
odds ratio (95% confidence interval) P odds ratio (95% confidence interval) P
Mediterranean diet Score:
<4 1.83 (0.96-3.48)  0.065 2.28 (1.10-4.72) 0.027
≥4 1 1
Current smoker:
yes 2.65 (1.26-5.54)  0.010 2.86 (1.28-6.40) 0.010
no 1 1
Sex:
male 2.80 (1.23-6.36)  0.014 2.35 (0.97-5.70) 0.058
female 1 1
hIV- status at the age of 60 y:
HIV-infected 3.74 (1.50-9.31)  0.005 3.28 (1.24-8.71) 0.017
HIV non-infected 1 1
hypertension:
yes 3.72 (1.81-7.67) <0.001 3.04 (1.41-6.57) 0.005
no 1 1
*adjusted for age and one characteristic.
†adjusted for age, Mediterranean diet Score, current smoking status, sex, hIV-status, and hypertension.
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in the continental area, which has been linked to adher-
ence to the Mediterranean diet (33). Although it is hard to 
define what exactly constitutes the Mediterranean diet as 
there are as many Mediterranean eating patterns as there 
are Mediterranean countries (33), the main staples always 
include olive oil, fish, and red wine.
The questionnaire used in our study was a slightly modified 
questionnaire previously validated in Spain, which is suit-
able to assess the nutritional habits of the Croatian popula-
tion living in the Mediterranean region (29,34,35). This brief 
14-item questionnaire is less time-demanding, less expen-
sive, and requires less collaboration from participants than 
the usual full-length food frequency questionnaires or oth-
er more comprehensive methods (31). In addition, it allows 
the possibility of providing feedback to the participant im-
mediately upon completion. It was the key element in the 
PREDIMED trial and had been previously validated against 
food frequency questionnaires used in the study (23). Full-
length food frequency questionnaires usually used 100 
items, 24-hour recalls, or other time-consuming methods, 
to evaluate adherence to the Mediterranean dietary pat-
tern. In contrast to these methods, the brief tool assessing 
only a small number of foods measured in servings/d or 
servings/week enables physicians and participants to ne-
gotiate changes in patients’ dietary quality and set goals in 
easily understandable units (food servings) (31).
In a previous observational study conducted in Croatia, 
no association was found between plasma lipid changes 
during the first year of ART and adherence to the Medi-
terranean diet (20). This association was also not observed 
in non-HIV-infected populations (36). In the multivariate 
model of our study, low adherence to the Mediterranean 
diet was, however, significantly associated with subclinical 
atherosclerosis. It is possible that there is a synergy among 
the nutrient-rich components included in the Mediterra-
nean diet that fosters favorable changes in the intermedi-
ate pathways of cardiometabolic risk (23).
To determine cardiovascular risk among HIV-infected per-
sons, we used surrogate markers of subclinical atheroscle-
rosis: ultrasound-measured CIMT and the presence of ≥1 
plaque. Higher levels of CIMT have been found to predict 
serious adverse cardiovascular events (30). Greater CIMT 
than in controls (0.004 mm) has also been associated with 
HIV infection in a meta-analysis of 13 cross-sectional stud-
ies (37,38). However, a significant difference in CIMT and 
plaque prevalence between HIV-infected patients and 
non-HIV infected participants has not been found (1,18,19). 
One of the possible explanations for controversial results is 
the limited ability of anatomic imaging to comprehensive-
ly define the cardiovascular risk (38). We found more sub-
clinical atherosclerosis cases in HIV-infected patients than 
in non HIV-infected controls after the age of 45 years.
The SMART trial found a higher risk of cardiovascular 
events among patients with discontinuation of ART than 
in patients with uninterrupted ART (7). This suggests an 
impact of HIV infection on cardiovascular events, possibly 
mediated through inflammation and thrombosis induced 
by HIV (39).
It is quite possible that traditional cardiovascular risk fac-
tors are more important predictors of atherosclerosis than 
measurable HIV-related factors. In our HIV-infected partici-
pants, the factors significantly associated with subclinical 
atherosclerosis were smoking and hypertension. Smoking 
is common in HIV-infected patients and the Data Collec-
tion on Adverse events of Anti-HIV Drugs study found that 
smoking was the most powerful predictor of cardiovascu-
lar diseases (40).
Previous studies have suggested that there may be an 
association between the use of PI and increased CIMT 
(30,41). One quarter of HIV-infected participants in our 
study were on PI regimens for at least 12 months. We did 
not find any difference in surrogate markers of athero-
sclerosis between patients who were on a PI regimen 
and those who were not. However, we cannot rule 
FIGURe 1. estimated probability of subclinical atherosclerosis 
according to hIV status and age
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out this possibility due to the small sample size. Therefore, 
a longitudinal follow-up on our participants is planned to 
determine if HIV infection or PI therapy is important in the 
progression of subclinical atherosclerosis.
Our study has some important limitations. First, we utilized 
a cross-sectional design to determine the risk factors, CIMT, 
and plaque levels. Given the fact that the effects of HIV 
and ART on cardiovascular risk factors, such as cholesterol, 
high-density lipoproteins, and blood pressure are dynamic 
and cumulative, a longitudinal follow up would be better 
suited. Second, we did not measure biochemical corre-
lates of atherosclerosis, such as total cholesterol, high-den-
sity lipoproteins and low-density lipoproteins, which could 
potentially have provided additional evidence of the pro-
tective effect of the Mediterranean diet. Finally, non HIV-
infected participants should ideally have been identical to 
infected patients except for the presence of HIV-infection, 
but given the highly specialized nature of our institution, 
it was not possible to precisely match infected and non-
infected patients.
Our study demonstrated an association of subclinical ath-
erosclerosis with specific and traditional dietary habits, 
which had been associated with decreased all-cause mor-
tality and improvement in cardiovascular risk factors in pri-
or studies in the general population. We also provided evi-
dence that HIV infection treated with ART was associated 
with accelerated atherosclerosis in older individuals. These 
results should be considered in clinical assessment of car-
diovascular risk in HIV-infected patients.
acknowledgments The authors thank Phyllis C. Tien, MD, Associate Profes-
sor of Medicine, from the Infectious Disease Section, Department of Veteran 
Affairs Medical Center, San Francisco, California, for her edits to earlier drafts 
of this manuscript. Portions of this study were presented at the 19th Confer-
ence on Retroviruses and Opportunistic Infections (Poster 811) in 2012.
Funding The work was supported in part by a grant from the Croatian Min-
istry of Science, Education and Sports; no 108-1080116-0098. Dr Klaudija 
Višković was supported by the University of California, San Francisco’s In-
ternational Traineeships in AIDS Prevention Studies program (U.S. NIMH, 
R25MH064712), the Fogarty International Center’s AIDS International Train-
ing and Research Program (AITRP) (D43TW000003), and C.V. Starr Founda-
tion, New York, NY.
ethical approval received from Ethics Committee of UHID and the Commit-
tee on Human Research at the University of California, San Francisco.
declaration of authorship KV designed the study, performed the ultra-
sound measurements, reviewed the literature, and participated in manu-
script writing. GR, GS, LS, and ZB were involved in data analysis and data 
collection from medical files, study design, and ultrasound measurements. 
JB was involved in study design, performed the statistical analysis, provided 
feedback on the study approach, interpretation of data, and reviewed the 
manuscript drafts.
Competing interests All authors have completed the Unified Compet-
ing Interest form at www.icmje.org/coi_disclosure.pdf (available on 
request from the corresponding author) and declare: no support 
from any organization for the submitted work; no financial relationships 
with any organizations that might have an interest in the submitted work in 
the previous 3 years; no other relationships or activities that could appear to 
have influenced the submitted work.
References
1  Currier JS, Kendall Ma, Zackin R, henry WK, alston-Smith B, torriani 
FJ, et al. Carotid artery intima-media thickness and hIV infection: 
traditional risk factors overshadow impact of protease inhibitor 
exposure. aIdS. 2005;19:927-33. Medline:15905673 doi:10.1097/01.
aids.0000171406.53737.f9
2 Viskovic K, Richman I, Klasnic K, hernandez a, Krolo I, Rutherford 
GW, et al. assessment of ultrasound for use in detecting 
lipoatrophy in hIV-infected patients taking combination 
antiretroviral therapy. aIdS Patient Care StdS. 2009;23:79-84. 
Medline:19133752 doi:10.1089/apc.2008.0118
3 Mangili a, Jacobson dL, Gerrior J, Polak JF, Gorbach SL, Wanke 
Ca. Metabolic syndrome and subclinical atherosclerosis in 
patients infected with hIV. Clin Infect dis. 2007;44:1368-74. 
Medline:17443477 doi:10.1086/516616
4 hsue PY, Lo JC, Franklin a, Bolger aF, Martin JN, deeks SG, et al. 
Progression of atherosclerosis as assessed by carotid intima-
media thickness in patients with hIV infection. Circulation. 
2004;109:1603-8. Medline:15023877 doi:10.1161/01.
CIR.0000124480.32233.8a
5 Grunfeld C, delaney Ja, Wanke C, Currier JS, Scherzer R, Biggs 
ML, et al. Preclinical atherosclerosis due to hIV infection: 
carotid intima-medial thickness measurements from the FRaM 
study. aIdS. 2009;23:1841-9. Medline:19455012 doi:10.1097/
Qad.0b013e32832d3b85
6 Soliman eZ, Roediger MP, duprez da, Knobel h, elion R, Neaton 
Jd. Protease inhibitors and cardiac autonomic function in hIV-
infected patients: a cross-sectional analysis from the Strategies for 
Management of antiretroviral therapy (SMaRt) trial. BMJ open. 
2013;3:pii: e002523. Medline:23471611 doi:10.1136/bmjopen-
2012-002523
7 el-Sadr WM, Lundgren J, Neaton Jd, Gordin F, abrams d, arduino 
RC, et al. Cd4+ count-guided interruption of antiretroviral 
treatment. N engl J Med. 2006;355:2283-96. Medline:17135583 
doi:10.1056/NeJMoa062360
8 Ferraioli G, tinelli C, Maggi P, Gervasoni C, Grima P, Viskovic K, et al. 
arterial stiffness evaluation in hIV-positive patients: a multicenter 
matched control study. aJR am J Roentgenol. 2011;197:1258-62. 
Medline:22021523 doi:10.2214/aJR.11.6712
9 Spence Jd. technology Insight: ultrasound measurement of carotid 
plaque–patient management, genetic research, and therapy 
evaluation. Nat Clin Pract Neurol. 2006;2:611-9. Medline:17057748 
doi:10.1038/ncpneuro0324
10 Inaba Y, Chen Ja, Bergmann SR. Carotid plaque, compared 
with carotid intima-media thickness, more accurately 
predicts coronary artery disease events: a meta-analysis. 
337Višković et al: Atherosclerosis in HIV-infected patients
www.cmj.hr
atherosclerosis. 2012;220:128-33. Medline:21764060 doi:10.1016/j.
atherosclerosis.2011.06.044
11 Lorenz MW, Stephan C, harmjanz a, Staszewski S, Buehler 
a, Bickel M, et al. Both long-term hIV infection and highly 
active antiretroviral therapy are independent risk factors for 
early carotid atherosclerosis. atherosclerosis. 2008;196:720-6. 
Medline:17275008 doi:10.1016/j.atherosclerosis.2006.12.022
12 Johnsen S, dolan Se, Fitch KV, Kanter JR, hemphill LC, Connelly JM, 
et al. Carotid intimal medial thickness in human immunodeficiency 
virus-infected women: effects of protease inhibitor use, cardiac 
risk factors, and the metabolic syndrome. J Clin endocrinol Metab. 
2006;91:4916-24. Medline:17003092 doi:10.1210/jc.2006-1140
13 Maggi P, Serio G, epifani G, Fiorentino G, Saracino a, Fico C, et 
al. Premature lesions of the carotid vessels in hIV-1-infected 
patients treated with protease inhibitors. aIdS. 2000;14:F123-8. 
Medline:11101050 doi:10.1097/00002030-200011100-00001
14 Seminari e, Pan a, Voltini G, Carnevale G, Maserati R, Minoli L, et al. 
assessment of atherosclerosis using carotid ultrasonography in a 
cohort of hIV-positive patients treated with protease inhibitors. 
atherosclerosis. 2002;162:433-8. Medline:11996964 doi:10.1016/
S0021-9150(01)00736-5
15 de Saint Martin L, Vandhuick o, Guillo P, Bellein V, Bressollette 
L, Roudaut N, et al. Premature atherosclerosis in hIV positive 
patients and cumulated time of exposure to antiretroviral therapy 
(ShIVa study). atherosclerosis. 2006;185:361-7. Medline:16137695 
doi:10.1016/j.atherosclerosis.2005.06.049
16 Jerico C, Knobel h, Calvo N, Sorli ML, Guelar a, Gimeno-Bayon JL, 
et al. Subclinical carotid atherosclerosis in hIV-infected patients: 
role of combination antiretroviral therapy. Stroke. 2006;37:812-7. 
Medline:16439699 doi:10.1161/01.StR.0000204037.26797.7f
17 Kaplan RC, Kingsley La, Gange SJ, Benning L, Jacobson LP, Lazar 
J, et al. Low Cd4+ t-cell count as a major atherosclerosis risk 
factor in hIV-infected women and men. aIdS. 2008;22:1615-24. 
Medline:18670221 doi:10.1097/Qad.0b013e328300581d
18 depairon M, Chessex S, Sudre P, Rodondi N, doser N, Chave JP, 
et al. Premature atherosclerosis in hIV-infected individuals–
focus on protease inhibitor therapy. aIdS. 2001;15:329-34. 
Medline:11273212 doi:10.1097/00002030-200102160-00005
19 Bongiovanni M, Casana M, Cicconi P, Pisacreta M, Codemo R, 
Pelucchi M, et al. Predictive factors of vascular intima media 
thickness in hIV-positive subjects. J antimicrob Chemother. 
2008;61:195-9. Medline:17999980 doi:10.1093/jac/dkm414
20 turcinov d, Stanley C, Canchola Ja, Rutherford GW, Novotny te, 
Begovac J. dyslipidemia and adherence to the Mediterranean 
diet in Croatian hIV-infected patients during the first year of 
highly active antiretroviral therapy. Coll antropol. 2009;33:423-30. 
Medline:19662759
21 Babio N, Bullo M, Salas-Salvado J. Mediterranean diet 
and metabolic syndrome: the evidence. Public health 
Nutr. 2009;12:1607-17. Medline:19689829 doi:10.1017/
S1368980009990449
22 Shai I, Spence Jd, Schwarzfuchs d, henkin Y, Parraga G, Rudich 
a, et al. dietary intervention to reverse carotid atherosclerosis. 
Circulation. 2010;121:1200-8. Medline:20194883 doi:10.1161/
CIRCULatIoNaha.109.879254
23 estruch R, Ros e, Salas-Salvado J, Covas MI, Corella d, aros F, et al. 
Primary prevention of cardiovascular disease with a Mediterranean 
diet. N engl J Med. 2013;368:1279-90. Medline:23432189 
doi:10.1056/NeJMoa1200303
24 turcinov d, Stanley C, Rutherford GW, Novotny te, Begovac J. 
adherence to the Mediterranean diet is associated with a lower 
risk of body-shape changes in Croatian patients treated with 
combination antiretroviral therapy. eur J epidemiol. 2009;24:267-
74. Medline:19322667 doi:10.1007/s10654-009-9330-2
25 Gandhi V. Nutrition in hIV-infected patients. explore (NY). 
2010;6:183-5. Medline:20451153 doi:10.1016/j.explore.2010.03.009
26 Lazzaretti RK, Kuhmmer R, Sprinz e, Polanczyk Ca, Ribeiro JP. 
dietary intervention prevents dyslipidemia associated with highly 
active antiretroviral therapy in human immunodeficiency virus 
type 1-infected individuals: a randomized trial. J am Coll Cardiol. 
2012;59:979-88. Medline:22402068 doi:10.1016/j.jacc.2011.11.038
27 touboul PJ, hennerici MG, Meairs S, adams h, amarenco 
P, desvarieux M, et al. Mannheim intima-media thickness 
consensus. Cerebrovasc dis. 2004;18:346-9. Medline:15523176 
doi:10.1159/000081812
28 Rundek t, arif h, Boden-albala B, elkind MS, Paik MC, Sacco 
RL. Carotid plaque, a subclinical precursor of vascular events: 
the Northern Manhattan Study. Neurology. 2008;70:1200-7. 
Medline:18354078 doi:10.1212/01.wnl.0000303969.63165.34
29 Babio N, Bullo M, Basora J, Martinez-Gonzalez Ma, Fernandez-
Ballart J, Marquez-Sandoval F, et al. adherence to the 
Mediterranean diet and risk of metabolic syndrome and its 
components. Nutr Metab Cardiovasc dis. 2009;19:563-70. 
Medline:19176282 doi:10.1016/j.numecd.2008.10.007
30 delaney Ja, Scherzer R, Biggs ML, Shliplak MG, Polak JF, Currier JS, 
et al. associations of antiretroviral drug use and hIV-specific risk 
factors with carotid intima-media thickness. aIdS. 2010;24:2201-9. 
Medline:20671544 doi:10.1097/Qad.0b013e32833d2132
31 Martinez-Gonzalez Ma, Garcia-arellano a, toledo e, Salas-Salvado 
J, Buil-Cosiales P, Corella d, et al. a 14-item Mediterranean diet 
assessment tool and obesity indexes among high-risk subjects: 
the PRedIMed trial. PLoS oNe. 2012;7:e43134. Medline:22905215 
doi:10.1371/journal.pone.0043134
32 Chobanian aV, Bakris GL, Black hR, Cushman WC, Green La, Izzo 
JL Jr, et al. the Seventh Report of the Joint National Committee 
on Prevention, detection, evaluation, and treatment of high 
Blood Pressure: the JNC 7 report. JaMa. 2003;289:2560-72. 
Medline:12748199 doi:10.1001/jama.289.19.2560
33 Pauwels eK. the protective effect of the Mediterranean diet: 
focus on cancer and cardiovascular risk. Med Princ Pract. 
CLINICAL SCIENCE 338 Croat Med J. 2013;54:330-8
www.cmj.hr
2011;20:103-11. Medline:21252562 doi:10.1159/000321197
34 esposito K, Marfella R, Ciotola M, di Palo C, Giugliano F, Giugliano 
G, et al. effect of a mediterranean-style diet on endothelial 
dysfunction and markers of vascular inflammation in the 
metabolic syndrome: a randomized trial. JaMa. 2004;292:1440-6. 
Medline:15383514 doi:10.1001/jama.292.12.1440
35 Babio N, Canals J, Pietrobelli a, Perez S, arija V. a two-phase 
population study: relationships between overweight, body 
composition and risk of eating disorders. Nutr hosp. 2009;24:485-
91. Medline:19721930
36 Panagiotakos dB, Polychronopoulos e. the role of Mediterranean 
diet in the epidemiology of metabolic syndrome; converting 
epidemiology to clinical practice. Lipids health dis. 2005;4:7. 
Medline:15826300 doi:10.1186/1476-511X-4-7
37 hulten e, Mitchell J, Scally J, Gibbs B, Villines tC. hIV positivity, 
protease inhibitor exposure and subclinical atherosclerosis: a 
systematic review and meta-analysis of observational studies. 
heart. 2009;95:1826-35. Medline:19632982 doi:10.1136/
hrt.2009.177774
38 Longenecker Ct, hoit Bd. Imaging atherosclerosis in hIV: carotid 
intima-media thickness and beyond. transl Res. 2012;159:127-39. 
Medline:22340762 doi:10.1016/j.trsl.2011.10.007
39 duprez da, Neuhaus J, Kuller Lh, tracy R, Belloso W, de Wit S, et 
al. Inflammation, coagulation and cardiovascular disease in hIV-
infected individuals. PLoS oNe. 2012;7:e44454. Medline:22970224 
doi:10.1371/journal.pone.0044454
40 ho Je, hsue PY. Cardiovascular manifestations of hIV infection. 
heart. 2009;95:1193-202. Medline:19564432 doi:10.1136/
hrt.2008.161463
41 Lekakis J, tsiodras S, Ikonomidis I, Palios J, Poulakou G, Rallidis L, 
et al. hIV-positive patients treated with protease inhibitors have 
vascular changes resembling those observed in atherosclerotic 
cardiovascular disease. Clin Sci (Lond). 2008;115:189-96. 
Medline:18251713 doi:10.1042/CS20070353
